1. Introduction {#sec1-ijerph-17-01398}
===============

Sleep is one of the most important lifestyle factors for maintaining a good health status, alongside diet and exercise. Poor sleep causes lifestyle-related diseases such as hypertension, diabetes mellitus, or metabolic syndrome \[[@B1-ijerph-17-01398],[@B2-ijerph-17-01398],[@B3-ijerph-17-01398]\] and even psychiatric diseases such as depression \[[@B4-ijerph-17-01398],[@B5-ijerph-17-01398],[@B6-ijerph-17-01398]\]. In addition, it has been recently elucidated that poor sleep is associated with cognitive impairment and the onset of dementia in older adults \[[@B7-ijerph-17-01398],[@B8-ijerph-17-01398],[@B9-ijerph-17-01398]\].

One in five Japanese persons experiences sleep problems, and this proportion is increased to one in three persons in the older population. Poor sleep is a serious problem in older adults. The duration of sleep is generally longer in old age than in young age, but the quality of sleep is reduced due to light sleep, interrupted sleep, and/or early awakening, which then cause sleepiness during the day and declining activity \[[@B10-ijerph-17-01398]\]. Additional causes of poor sleep such as insomnia are particularly prevalent in older adults. For instance, negative life events such as retirement, bereavement, and living alone may be psychiatric stressors \[[@B11-ijerph-17-01398]\], which cause sleep disorders. Consequently, such persons lose social roles and their physical and mental activity is reduced \[[@B12-ijerph-17-01398]\]. Finally, they tend to be affected by physical and mental diseases \[[@B13-ijerph-17-01398]\]. Such negative cycles can occur in older adults.

Social determinants of health have become topics of study in recent years, and it has become clear that some factors that are not amenable to improvement by individual efforts alone also have an effect on health. The World Health Organization (WHO) Adelaide Statement on Health in All Policies issued in 2010 emphasized that government objectives are best achieved when all sectors include health and well-being as key components of policy development \[[@B14-ijerph-17-01398]\]. In light of this reality, there is an increasing need to create local environments that encourage people to remain healthy as they age. In 2011, the WHO set up the WHO Global Network of Age-friendly Cities and Communities with a focus on social determinants of health. Baglioni et al. \[[@B4-ijerph-17-01398]\] and Pugh et al. \[[@B15-ijerph-17-01398]\] have suggested that the neighborhood environment may affect the functional health of older people. There is thus an increasing awareness that health support must involve not only support at the individual level, but also community-level support.

Most previous studies of sleep have addressed its association with individual factors such as sex, age, income, and educational achievement \[[@B16-ijerph-17-01398],[@B17-ijerph-17-01398]\]. In terms of the association between sleep and community-level environmental factors that affect individuals, a few studies have investigated the associations of public order and social capital with sleep at the individual level \[[@B18-ijerph-17-01398],[@B19-ijerph-17-01398],[@B20-ijerph-17-01398]\]. However, no study has yet addressed the association between sleep quality and the neighborhood physical environment using multilevel analysis.

Because older people spend the vast majority of their time in residential neighborhoods, they are highly susceptible to the impact of the local environment in the neighborhood. In addition to public order and social capital, the physical environment may also affect sleep in older people. Therefore, in this study, we aimed to perform a multilevel analysis of the association between environmental factors in Japanese residential neighborhoods and sleep quality.

2. Materials and Methods {#sec2-ijerph-17-01398}
========================

2.1. Participants {#sec2dot1-ijerph-17-01398}
-----------------

The subjects of this study were participants of the Japanese Gerontological Evaluation Study (JAGES) in 2010 \[[@B21-ijerph-17-01398]\]. Participants were community-dwelling people aged ≥65 years who lived in 31 municipalities in 11 of the 47 prefectures in Japan. Social and physical environments surrounding the participants varied by municipalities: for instance, socially between tight bonding communities and those with less bonding; and physically between highly populated urban cities and less populated rural areas. Such environmental variety affects lifestyle and even physical and mental health outcomes which can cause health disparities \[[@B22-ijerph-17-01398]\]. The participants were not certified to need long-term care. A self-administered questionnaire was distributed by postal mail to each of the 160,382 eligible participants between August 2010 and January 2012. The participants primarily responded to the questions by themselves. The questionnaire included five modules, and each module was sent randomly to one-fifth of the participants. Items to evaluate sleep quality were included in one of the five modules.

2.2. Definition of Sleep Quality {#sec2dot2-ijerph-17-01398}
--------------------------------

Sleep quality (good or poor) was evaluated on the basis of the participant's response to the self-administered questionnaire. The quality domain from the Pittsburgh Sleep Quality Index (PSQI) was applied to evaluate sleep quality. The PSQI sleep quality item asks "During the past month, how would you rate your sleep quality overall?" with possible responses: "very good", "fairly good", "fairly bad", and "very bad". This single item was selected as the total PSQI score and incorporates information of other domains of sleep in the PSQI \[[@B23-ijerph-17-01398]\] (e.g., sleep timing and continuity). In addition, the four responses were dichotomized into two values, good (very good or fairly good) or poor (fairly bad or very bad) and were used as the dependent variable.

2.3. Explanatory Variables {#sec2dot3-ijerph-17-01398}
--------------------------

### 2.3.1. Individual-Level Variables {#sec2dot3dot1-ijerph-17-01398}

We evaluated the association between sleep quality and the following individual-level factors: sex; age (65--69, 70--74, 75--79, 80--84, ≥85 years); living alone (yes, no); self-rated health (good, poor); employment (yes, no); equalized household income (\<2 million yen, 2--3.99 million yen, ≥4 million yen); education (\<6 years, 6--9 years, 10--12 years, ≥13 years); daily walking time (\<60 min, ≥60 min); and any medical treatments received for conditions other than sleep disorders such as hypertension, diabetes, respiratory diseases, cancer, heart disease, or any diseases. Depressive status (non-depressive or depressive) defined by the Geriatric depression scale (GDS)-15 (GDS score of \<5: non-depressive or ≥5: depressive) was also included as an individual variable in the main analysis. The respondents were stratified into two groups: individuals with a depressive trend as defined by a GDS score of ≥5, and those without a depressive trend as defined by a GDS score of \< 5 \[[@B24-ijerph-17-01398],[@B25-ijerph-17-01398]\].

### 2.3.2. Neighborhood-Level Variables {#sec2dot3dot2-ijerph-17-01398}

According to a previous study, neighborhood environment was evaluated by two components, the social environment and physical environment \[[@B26-ijerph-17-01398]\]. For evaluation of the social environment, we applied a modified version of health-related social capital indices \[[@B27-ijerph-17-01398]\], which are composed of the following three dimensions: (1) civic participation, (2) social cohesion, and (3) reciprocity. Civic participation was scored by asking participants whether or not they took part in a volunteer group, sports group, or hobby activity at least once per month or less than once per month, and calculating the rate of participation in each group in the school district. Civic participation was therefore scored as follows: (rate of volunteer group participation × 0.6) + (rate of sports group participation × 0.8) + (rate of hobby activity × 0.9). Social cohesion was scored by asking respondents about community trust, norms of reciprocity, and community attachment on a five-point scale ("strongly agree", "somewhat agree", "neither agree nor disagree", "somewhat disagree", and "completely disagree"), with the responses "strongly agree" and "somewhat agree" categorized as "agree" and "neither agree nor disagree," "somewhat disagree," and "completely disagree" categorized as "disagree," and calculating the rate of "agree." Social cohesion was therefore scored as follows: (rate of "agree" to community trust × 0.9) + (rate of "agree" to norms of reciprocity × 0.8) + (rate of "agree" to community attachment × 0.7). Reciprocity was evaluated by asking whether or not participants received emotional support, to whom they were providing emotional support, and from whom they were receiving instrumental support, with the responses categorized as yes or no, and calculated the rate of "yes." Reciprocity was therefore scored as follows: (rate of "yes" to receiving emotional support × 0.8) + (rate of "yes" to providing emotional support × 0.8) + (rate of "yes" to receiving instrumental support × 0.7).

Regarding the surrounding physical environment, eight items were evaluated. We asked whether the respondents had each of following environmental items within 1 km of their residence: (1) "Locations with noticeable graffiti or undisposed garbage"; (2) "Parks or foot paths suitable for exercise or walking"; (3) "Locations difficult for walking, such as hills or steps"; (4) "Roads or crossroads with a great risk of traffic accidents"; (5) "Fascinating views or buildings"; (6) "Shops or facilities selling fresh fruits and vegetables"; (7) "Dangerous places when walking alone at night"; and (8) "Houses or facilities where you feel free to drop in." The potential responses were "Many", "Some", "Few", "None", and "I don't know." The five responses were dichotomized into two values: Yes ("Many" or "Some") or No ("Few" or "None" or "I don't know"), and used as explanatory variables.

2.4. Statistical Analysis {#sec2dot4-ijerph-17-01398}
-------------------------

Many previous studies have reported a significant association between sleep and depression \[[@B18-ijerph-17-01398],[@B20-ijerph-17-01398],[@B26-ijerph-17-01398]\]. Thus, we stratified the responses by depressive status to evaluate sleep quality after testing the potential interactions between depressive status and each of the explanatory variables on sleep quality.

First, the baseline characteristics of the respondents were stratified by depressive status (GDS score of \<5 or ≥5). Univariate analyses using the chi-square test were used to evaluate the associations between sleep quality and each of the individual characteristics. Data missing the outcome variable or GDS score were excluded from the analysis. If data were missing other explanatory variables, the corresponding observation was assigned to the category of the missing variable \[[@B28-ijerph-17-01398]\]. The threshold for statistical significance was set at P-value (*p*) \< 0.05 in a two-tail test.

Second, neighborhood characteristics in the school districts were evaluated. The school district was used as the neighborhood unit, which is a proxy for a geographical area that is easy for older adults to navigate \[[@B29-ijerph-17-01398]\]. Social capital indices in each school district were calculated. Applicable rates for the eight items of the surrounding physical environment were also calculated at each school district unit. Third, a multivariate analysis was conducted to explore the factors associated with sleep quality status including neighborhood-level factors using a multilevel Poisson regression model. To avoid overestimation of odds ratios with logistic regression analysis \[[@B30-ijerph-17-01398]\], since the proportion of people with poor sleep was \>10%, we used a Poisson regression model with strong dispersion. We conceptualized the analysis in a multilevel structure, comprising individual factors (individual-level) and nested within school district factors (neighborhood-level). We fitted the data using multilevel Poisson regression procedures with a random intercept model, adjusting for both individual and neighborhood levels as fixed effects and setting sleep quality as the dependent variable. The method of estimation was a restricted maximum likelihood procedure. The first set of analyses involved estimating the null model (Model 1). The null model allows for the decomposition of variance in sleep quality to determine whether it was attributable to neighborhood-level and between-person variation. Next, the modeling was performed in three steps: Model 2, only individual-level factors were added; Model 3 had both individual-level factors and neighborhood-level social environmental factors; and Model 4 had both individual-level factors and neighborhood-level surrounding physical environmental factors. The fixed effect results are presented as prevalence ratios (PRs) with 95% confidence intervals (CIs). The random effect results are presented as neighborhood-level random variance with standard error (SE). The calculated proportional changes in variance (PCV). Statistical analyses were performed using STATA version 14 (StataCorp, College Station, TX, USA).

2.5. Ethical Considerations {#sec2dot5-ijerph-17-01398}
---------------------------

The study protocol for the JAGES project was approved by the Ethics Committee of Nihon Fukushi University (No. 10-05). A letter informing all potential participants of the ethical considerations, including the study methods, was enclosed with the survey, and the return of the completed survey questionnaire was considered to indicate the provision of informed consent.

3. Results {#sec3-ijerph-17-01398}
==========

3.1. Characteristics of the Respondents {#sec3dot1-ijerph-17-01398}
---------------------------------------

A total of 106,460 people responded to the survey (response rate, 66.4%; [Figure 1](#ijerph-17-01398-f001){ref-type="fig"}). Among the respondents, 23,320 were sent the module (module "D") that included items related to sleep quality to be analyzed. Among the eligible respondents, people with sleep disorder (n = 1574) and those who did not respond to the sleep quality and GDS score module (n = 5096) were excluded. A question which asks about current diseases in the questionnaire could identify sleep disorders (e.g., insomnia or snoring). Finally, the data of 16,650 people (8102 men, 8548 women) were analyzed.

The average age of all respondents was 73.9 ± 6.2 years (range 65--101 years). The baseline characteristics of the respondents are provided in [Table 1](#ijerph-17-01398-t001){ref-type="table"}. Among the 12,469 non-depressive respondents (GDS score of \<5), 2286 (18.3%) had poor sleep. Of the 4181 depressive respondents (GDS score of ≥5), 1785 (43.3%) had poor sleep. The rates of poor sleep significantly differed between non-depressive and depressive respondents (*p* \< 0.001; [Figure 2](#ijerph-17-01398-f002){ref-type="fig"}).

In the non-depressive respondents, the proportion of women with poor sleep was significantly higher (55.8%) than the proportion of women with good sleep (50.6%; *p* \< 0.001). Poor sleepers tended to be younger than good sleepers (*p* \< 0.001). The rates of living alone, poor self-rated health, and not working were respectively higher in poor sleepers than in good sleepers (all *p* \< 0.001). Regarding socioeconomic status, lower equivalent income and shorter educational attainment were observed more frequently in poor sleepers (both *p* \< 0.001). Walking time was significantly shorter in poor sleepers than in good sleepers (*p* \< 0.001). In addition, the rate of people who has any co-morbidity was higher in poor sleepers than in good sleepers (*p* \< 0.001).

At the individual level, there was no association between poor sleep quality and civic participation in volunteer, sports, or hobby groups. In contrast, low scores for community trust, norms of reciprocity, and community attachment were significantly associated with poor sleep quality (*p* \< 0.001). This result was the same for both depressive and non-depressive respondents. Non-depressive respondents who were not receiving instrumental support had significantly poorer sleep quality (*p* \< 0.007). In depressive respondents, those who were not receiving emotional support nor receiving instrumental support had significantly poorer sleep quality ([Table 2](#ijerph-17-01398-t002){ref-type="table"}).

3.2. Variety of Sleep Quality among the Neighborhood Level {#sec3dot2-ijerph-17-01398}
----------------------------------------------------------

The percentage of poor sleepers ranged from 9.0% to 47.0% among the 568 school districts. There was significant variation in sleep quality between communities: community-level variance was 0.00045 in whole respondents (Model 1 in [Table 3](#ijerph-17-01398-t003){ref-type="table"}) and 0.00074 in non-depressive respondents (Model 1 in [Table 4](#ijerph-17-01398-t004){ref-type="table"}). However, there was no significant variation between communities for depressive respondents; community-level variance was $4.6 \times 10^{- 21}$ (Model 1 in [Table 5](#ijerph-17-01398-t005){ref-type="table"}). The calculated proportional changes in variance (PCV) are shown in each table, which indicate community-level variance due to neighborhood social capital or objective built environment. PCV values are not shown in [Table 5](#ijerph-17-01398-t005){ref-type="table"} because community-level variance was almost zero for depressive respondents.

3.3. Individual and Neighborhood Factors Associated with Sleep Quality {#sec3dot3-ijerph-17-01398}
----------------------------------------------------------------------

For some of the neighborhood-level variables, there were significant interactions with depressive status on sleep quality.

### 3.3.1. Whole Respondents {#sec3dot3dot1-ijerph-17-01398}

Model 2 revealed that higher GDS score of ≥5 (depressive) had poor sleep quality (PR of poor sleep: 1.93, 95% CI: 1.80--2.07) and older participants tended to have better sleep quality than younger participants (PR of poor sleep in those aged 75--79 years: 0.82, 95% CI: 0.75--0.90; 80--84 years: 0.74, 95% CI: 0.66--0.83; and ≥85 years: 0.68, 95% CI: 0.58--0.80; each compared to those aged 65--69 years) ([Table 3](#ijerph-17-01398-t003){ref-type="table"}). In addition, being female, living alone, poor self-rated health, and not working were significantly associated with poor sleep (each PR was 1.12, 95% CI: 1.05--1.19 \[against being male\]; 1.15, 95% CI: 1.05--1.26 \[against not living alone\]; 1.67, 95% CI: 1.55--1.80 \[against good self-rated health\]; and 1.11, 95% CI: 1.02--1.21 \[against working\]). A higher equivalent household income was significantly associated with good sleep (PR for ≥4.00 million yen: 0.83, 95% CI: 0.74--0.94 \[compared to \<2.00 million\]); however, education attainment was not associated with sleep quality. Longer walking time (\>60 min) was associated with good sleep (PR: 0.91, 95% CI: 0.85--0.98 \[compared to \<60 min\]).

Model 3 revealed no significant associations between neighborhood-level social capital in any of the three components (civic participation, social cohesion, or reciprocity) and sleep quality. However, regarding the physical environment, fewer difficult locations for walking such as steps or slopes was marginally associated with fewer poor sleepers (PR = 0.84, 95% CI: 0.68--1.04) according to model 4. Similarly, more places (houses or facilities) where participants feel free to drop in were associated with fewer poor sleepers (PR = 0.59, 95% CI: 0.80--0.94).

### 3.3.2. Non-Depressive Respondents (GDS Score of \<5) {#sec3dot3dot2-ijerph-17-01398}

Model 2 revealed that older participants tended to have better sleep quality than younger participants (PR of poor sleep in those aged 75--79 years: 0.75, 95% CI:0.66--0.85; 80--84 years: 0.71, 95% CI: 0.6--0.83; and ≥85 years: 0.52, 95% CI: 0.4--0.68; each compared to those aged 65--69 years) ([Table 4](#ijerph-17-01398-t004){ref-type="table"}). In addition, being female, living alone, poor self-rated health, and not working were significantly associated with poor sleep (each PR was 1.16, 95% CI: 1.06--1.27 \[against being male\]; 1.16, 95% CI: 1.01--1.33 \[against not living alone\]; 1.97, 95% CI: 1.76--2.20 \[against good self-rated health\]; and 1.16, 95% CI: 1.04--1.29 \[against working\]). A higher equivalent household income was significantly associated with good sleep (PR for ≥4.00 million yen: 0.82, 95% CI: 0.71--0.95 \[compared to \<2.00 million\]); however, education attainment was not associated with sleep quality. Longer walking time (\>60 min) was associated with good sleep (PR: 0.88, 95% CI: 0.8--0.96 \[compared to \<60 min\]).

Model 3 revealed no significant associations between neighborhood-level social capital in any of the three components (civic participation, social cohesion, or reciprocity) and sleep quality. However, regarding the physical environment, fewer difficult locations for walking such as steps or slopes was associated with fewer poor sleepers (PR = 0.75, 95% CI: 0.56--0.99) according to model 4. Similarly, more places (houses or facilities) where participants feel free to drop in were associated with fewer poor sleepers (PR = 0.51, 95% CI: 0.26--0.98).

### 3.3.3. Depressive Respondents (GDS Score of ≥5) {#sec3dot3dot3-ijerph-17-01398}

In the depressive respondents, older participants tended to have better sleep quality than younger participants (PR of poor sleep in those aged 80--84 years: 0.79, 95% CI: 0.67--0.94; and ≥85 years: 0.83, 95% CI: 0.68--1.01; each compared to those aged 65--69 years) ([Table 5](#ijerph-17-01398-t005){ref-type="table"}). Sex differences were not observed with regard to sleep quality. Living alone was marginally associated and poor self-rated health was significantly associated with poor sleep (each PR was 1.14, 95% CI: 1--1.29 \[against not living alone\]; 1.49, 95% CI: 1.35--1.65 \[against good self-rated health\]). Neither equivalent household income nor education attainment was associated with sleep quality. Walking time and the existence of any diseases were not associated with sleep quality.

Model 3 revealed no significant associations between neighborhood-level social capital in any of the three components (civic participation, social cohesion, or reciprocity) and sleep quality, as was the case in the non-depressive respondents; Model 4 revealed there was no association between any physical environment factors and sleep quality.

4. Discussion {#sec4-ijerph-17-01398}
=============

In this study, we investigated the associations between sleep quality and factors at the individual and neighborhood levels, using data from the JAGES 2010 study of older people in 31 Japanese municipalities. The analysis utilized large-scale data from over 100,000 survey respondents. We found that older people slept better if they lived in environments where there were places (houses or facilities) that they felt free to drop in. Because sleep quality is closely associated with depression, \[[@B4-ijerph-17-01398],[@B5-ijerph-17-01398],[@B6-ijerph-17-01398]\] we stratified the analysis by depressive status after analyzing the whole dataset. We found that non-depressive older people slept better if they lived in environments with few hills or steps and where there were places (houses or facilities) that they felt free to drop in. For depressive older people, these associations were not evident. The associations between individual-level factors and sleep quality were very similar to those described in previous studies, with living alone, poor self-rated health, low income, and unemployment being associated with poor sleep quality in older people \[[@B31-ijerph-17-01398],[@B32-ijerph-17-01398]\].

The existence of places (houses or facilities) where older people feel free to drop in is believed to encourage them to go outside \[[@B33-ijerph-17-01398]\]. Going out not only increases their activity level but enables older people to engage in communication, such as enjoying conversations at these facilities when they drop in. It is possible that a satisfying lifestyle during the day may affect sleep quality.

It has previously been reported that physical activity increases significantly in a good neighborhood environment \[[@B34-ijerph-17-01398]\]. A residential environment with few hills or steps may make it easier for older people to go for walks \[[@B35-ijerph-17-01398]\]. A walkable environment is more likely to encourage older people to go outside, for example, to shop for daily necessities or to go for a walk or take other forms of exercise \[[@B36-ijerph-17-01398]\]. Making it easier to go outside may increase physical exercise, resulting in an appropriate level of fatigue and leading to good-quality sleep \[[@B21-ijerph-17-01398],[@B37-ijerph-17-01398],[@B38-ijerph-17-01398]\]. Although the existence of parks or foot paths might also promote physical activity, there is no significant effect in this dataset. One possible reason for this lack of effect is that people need to intentionally go to a park or foot path for exercising. In contrast, a residential environment with few hills or steps directly and unconsciously affects their habit of daily exercise. Such circumstances that promote physical activity without clear intention may sometimes successfully achieve the goal.

However, no such significant association with environmental factors was evident in depressive respondents in the stratified analysis. The absence of an association with physical environmental factors in depressive individuals may be because these individuals tend to isolate themselves and do not go out \[[@B39-ijerph-17-01398]\], making them less likely to be affected by the physical environment of the neighborhood. This might be a reasonable result.

According to the 2019 White Paper on the Aging Society (published by the Cabinet Office) \[[@B40-ijerph-17-01398]\], the Japanese population is currently aging rapidly, with 27.7% aged ≥65 years, the highest in any developed country. By 2065, this proportion is projected to reach 38.4%, with approximately one in every 2.6 people aged ≥65 years. According to the 2016 National Health and Nutrition Survey in Japan, 48.4% of all households included an older person aged ≥65 years, of which \>50% were households consisting only of older people \[[@B41-ijerph-17-01398]\]. Even in households that include younger members, older people are often left by themselves during the day, and an environment in which they can easily go outside and that contains venues where they can communicate with others during the day will be one that is reassuring for them. Being able to spend time in a reassuring environment during the day may result in good quality sleep. Non-depressive individuals accounted for 75% of the respondents in this study. We believe that it is necessary to create an environment in which they can sleep better based on our study results.

Sleep problems are closely associated with individual-level factors such as individual lifestyle habits, social status, and income \[[@B16-ijerph-17-01398],[@B17-ijerph-17-01398]\]. The results of our study suggested that in addition to support with these individual factors, approaching environmental factors from further upstream at the neighborhood level from the perspective of social determinants of health may also help to improve the sleep quality of local residents.

Because we considered that the local environment includes the human environment as well as the physical environment, we conducted an analysis of the former in terms of so-called "social capital." The positive effect of social capital on health has been well described in previous studies \[[@B42-ijerph-17-01398],[@B43-ijerph-17-01398]\]. Putnam \[[@B44-ijerph-17-01398]\] defined social capital as trust, norms, and networks that facilitate action and cooperation for mutual benefit. In this study, we did not identify a significant association between social capital in the local community and individual sleep quality. In the Multi-Ethnic Study of Atherosclerosis (MASE) carried out in the United States, higher levels of neighborhood social cohesion were associated with longer sleep duration \[[@B26-ijerph-17-01398]\]. Although this was not confirmed by a multilevel analysis, a survey by De Santis et al. \[[@B45-ijerph-17-01398]\] of 1406 individuals aged 45--84 years in six United States cities found that a lower level of social cohesion was significantly associated with shorter sleep duration. However, a study of local residents in South Korea and Taiwan by Nomura et al. \[[@B18-ijerph-17-01398]\] did not identify any associations between social capital and sleep. Few studies have addressed the association between these two factors, and only a limited number have applied multilevel analyses in particular. Further studies on such associations are required in the future.

It is known that health disparity is influenced by environmental differences. For instance, there is a two-year shorter life expectancy in the Adachi ward of Tokyo compared to the average life span in the entire city of Tokyo, based on 2010 data. An intervention to change diet habits in the Adachi ward by increasing accessibility to fresh vegetables, reduced this life span gap due to a decrease in the prevalence of diabetes. Similarly, environmental changes that increase opportunities for walking and provide multiple destinations might improve the quality of sleep in older adults.

Especially for older people who spend most of their time in residential neighborhoods, improving the environment is an important measure. In Japan, a movement is underway to open salons in local neighborhoods to encourage older people to go out \[[@B21-ijerph-17-01398],[@B46-ijerph-17-01398]\]. Interventions with the objective of improving access to restaurants, small shops, and other non-residential facilities in the community are also believed to help maintain older people's physical activity levels and prevent their health from deteriorating by encouraging them to leave the house on a regular basis \[[@B47-ijerph-17-01398],[@B48-ijerph-17-01398]\]. Our results suggest that increasing the number of places in residential neighborhoods where older people feel free to drop in and improving the physical environment might improve their sleep quality.

Individual-level factors associated with sleep quality in non-depressive respondents included female sex, living alone, poor self-rated health, low income, unemployment, short walking time, and undergoing medical treatment for disease, all of which increased the risk of poor sleep quality. These results were consistent with those of previous studies, which have identified associations between sleep quality and individual-level factors including sex, income, and household composition \[[@B45-ijerph-17-01398]\]. In this study, non-depressive respondents with lower incomes slept more poorly, a finding consistent with those of previous studies \[[@B49-ijerph-17-01398],[@B50-ijerph-17-01398]\]. The association between income and health is well known. Individuals with lower incomes have been found to be at higher risk of lifestyle-related diseases and depression \[[@B27-ijerph-17-01398],[@B51-ijerph-17-01398],[@B52-ijerph-17-01398],[@B53-ijerph-17-01398],[@B54-ijerph-17-01398]\], and the same may be true for sleep quality. Respondents who were unemployed also had significantly poorer quality sleep. After retirement, some people may find that withdrawal from the front line of society leaves them with feelings of exclusion and isolation, leaving them unable to find meaning in life. It is possible that an unfocused, inactive lifestyle may have an adverse effect on sleep quality.

In contrast, the only two factors significantly associated with sleep quality in depressive respondents were young age and poor self-rated health. Although there were significant associations between sleep quality and a large number of individual-level factors including sex, living alone, income, employment, walking time, and medical treatment for disease in non-depressive respondents, very few such significant associations were present in depressive respondents. Although no similar results have previously been published, as depression and sleep are closely related \[[@B55-ijerph-17-01398],[@B56-ijerph-17-01398]\], the effect of the other factors may have been relatively smaller and thus evident in the analysis results.

An association between living alone and poor sleep quality has also been demonstrated in a previous study of older people living in a Chinese city \[[@B11-ijerph-17-01398]\]. The number of single-person households is projected to further increase in future. Sleep support for older people living alone will become an important issue. In this study, we found that a higher proportion of older respondents reported good-quality sleep. Previous studies have found that sleep quality deteriorates with age \[[@B11-ijerph-17-01398]\]. One possible reason for this discrepancy may be that our study participants were all aged ≥65 years, and our results therefore reflect a comparison between older people. Our study also did not include any older people registered as requiring long-term care. The particular elderly age groups in our study may therefore be comprised of older people who have maintained their health into old age. The fact that sleep quality improved with age in our study may thus have been due to the effect of "survival bias." We did not identify any association between education attainments and sleep quality. A study of self-care activities by older people in the United States \[[@B57-ijerph-17-01398]\], as well as another of older people living in a rural community in South Korea \[[@B58-ijerph-17-01398]\], found that the lower the level of education attainment, the higher the rate of insomnia. However, an Iranian study of sleep quality in healthy older people found no association between the prevalence of sleep disorder and the highest level of educational attainment \[[@B59-ijerph-17-01398]\]. Thus, the association between education attainment and sleep quality is inconsistent. Japanese people now aged ≥80 years belong to the generation that experienced the war during their school years, and their life courses encompass experiences that differ from those of other generations \[[@B60-ijerph-17-01398]\]. This may be the reason for the absence of any association between the highest level of education attainment and sleep quality in our participants. Further, it is not a general rule that people with higher education attainment sleep better.

Reduced sleep quality in older people not only leads to lifestyle-related disorders such as hypertension and diabetes as well as depression and other mental disorders, but also reduces the quality of life (QOL) and is a contributing factor to the need for long-term care \[[@B61-ijerph-17-01398],[@B62-ijerph-17-01398],[@B63-ijerph-17-01398]\]. Measures to improve sleep are also needed in order to maintain the QOL of older individuals.

Strengths and Limitations of the Study
--------------------------------------

The JAGES study data used in our analysis have provided numerous findings that might form the basis for strategies to help prevent older people from needing long-term care. Examples include the associations between social capital and neighborhood walkability \[[@B34-ijerph-17-01398]\], childhood socioeconomic status and fruit and vegetable intake, \[[@B64-ijerph-17-01398]\] and eating alone and depression \[[@B24-ijerph-17-01398]\]. This study yielded novel findings from the perspective of helping people to sleep better at the neighborhood level.

However, this study has several limitations. First, since this was a cross sectional study, we were not able to infer causality. Second, the assessment of sleep quality in this study was subjective; to further improve the reliability of our findings, it may be necessary to objectively evaluate the quality of sleep. Third, we did not consider comorbidities, which may be a confounder. The main limitation in our study was the reliance on self-reports of sleep difficulties. However, the self-reported sleep difficulties may in any case be relevant to their well-being. Fourth, the present analysis was based on data from 2010; since then, the circumstances in parts of Japan have changed drastically, particularly after the East Japan Great Earthquake in 2011. Despite this limitation, the findings obtained from the cross-sectional analysis in 2010 are still relevant to the development of current public health policy.

5. Conclusions {#sec5-ijerph-17-01398}
==============

Sleep problems are closely associated with individual-level factors such as individual lifestyle habits, income, and employment. Our results suggested that in addition to these individual factors, approaching environmental factors from further upstream at the neighborhood level from the perspective of social determinants of health may also help to improve the sleep quality of local residents.
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![Flow chart of the enrollment process of the study participants. People with sleep disorders (n = 1574) and those who did not respond to the sleep quality module (n = 5096) were excluded. Finally, the data of 16,650 people (12,469 without depressive status, 4181 with depressive status) were analyzed.](ijerph-17-01398-g001){#ijerph-17-01398-f001}

![Prevalence of poor sleep between depressive and non-depressive participants. The rate of poor sleep in depressive participants (Geriatric Depression Scale \[GDS\] score of ≥5) was significantly higher than that in non-depressive participants (GDS score of \<5) (*p* \< 0.001).](ijerph-17-01398-g002){#ijerph-17-01398-f002}

ijerph-17-01398-t001_Table 1

###### 

Characteristics of the study participants divided by sleep quality (good or poor).

  Characteristic                                        Variable           Good (n = 12,579)   Poor (n = 4071)                   
  ----------------------------------------------------- ------------------ ------------------- ----------------- ------- ------- -----------
  Sex                                                   male               6227                49.5              1875    46.06   \<0.001
                                                        female             6352                50.5              2196    53.94   
  Age (years)                                           65--69             3948                31.39             1356    33.31   0.002
                                                        70--74             3662                29.11             1249    30.68   
                                                        75--79             2663                21.17             807     19.82   
                                                        80--84             1556                12.37             446     10.96   
                                                        ≥85                750                 5.96              213     5.23    
  Living alone                                          no                 11,089              88.15             3460    84.99   \<0.001 †
                                                        yes                1355                10.77             562     13.8    
                                                        missing            135                 1.07              49      1.2     
  Self-rated health                                     fair               10,729              85.29             2732    67.11   \<0.001 †
                                                        poor               1668                13.26             1276    31.34   
                                                        missing            182                 1.45              63      1.55    
  Job                                                   having             2996                23.82             757     18.59   \<0.001 †
                                                        no                 8581                68.22             2969    72.93   
                                                        missing            1002                7.97              345     8.47    
  Equivalent income                                     \<200              6783                53.92             2525    62.02   \<0.001 †
  (million yen)                                         200--400           4402                34.99             1244    30.56   
                                                        ≥400               1394                11.08             302     7.42    
  Education (year)                                      \<6                247                 1.96              105     2.58    \<0.001
                                                        6--9               5375                42.73             1868    45.89   
                                                        10--12             4517                35.91             1377    33.82   
                                                        ≥13                2256                17.93             641     15.75   
                                                        other              59                  0.47              32      0.79    
                                                        missing            125                 0.99              48      1.18    
  Walking time (min)                                    \<60               7780                61.85             2778    68.24   \<0.001 †
                                                        ≥60                4162                33.09             1082    26.58   
                                                        missing            637                 5.06              211     5.18    
  Treatment                                             yes                8378                66.6              2917    71.65   \<0.001 †
                                                        no                 3316                26.36             843     20.71   
                                                        missing            885                 7.04              311     7.64    
  Depressive status                                     GDS score of \<5   10,183              80.95             2286    56.15   \<0.001
                                                        GDS score of ≥5    2396                19.05             1785    43.85   
  Volunteer group                                       ≥ 1/month          8818                70.1              2931    72      0.027 †
                                                        \< 1/month         1198                9.52              338     8.3     
                                                        missing            2563                20.38             802     19.7    
  Sports group                                          ≥ 1/month          7930                63.04             2720    66.81   \<0.001 †
                                                        \< 1/month         2540                20.19             660     16.21   
                                                        missing            2109                16.77             691     16.97   
  Hobby activity                                        ≥ 1/month          6675                53.06             2305    56.62   \<0.001 †
                                                        \< 1/month         4074                32.39             1173    28.81   
                                                        missing            1830                14.55             593     14.57   
  Community trust                                       very               9136                72.63             2528    62.1    \<0.001 †
                                                        slightly           2931                23.3              1400    34.39   
                                                        missing            512                 4.07              143     3.51    
  Norms of reciprocity                                  very               7374                58.62             1959    48.12   \<0.001 †
                                                        slightly           4652                36.98             1967    48.32   
                                                        missing            553                 4.4               145     3.56    
  Community attachment                                  very               10,590              84.19             3023    74.26   \<0.001 †
  slightly                                              1783               14.17               1003              24.64           
  missing                                               206                1.64                45                1.11            
  Receive emotional support                             no                 11,338              90.13             3574    87.79   \<0.001 †
  any one                                               611                4.86                325               7.98            
  missing                                               630                5.01                172               4.23            
  Provide emotional support                             no                 11,115              88.36             3503    86.05   \<0.001 †
  any one                                               781                6.21                365               8.97            
  missing                                               683                5.43                203               4.99            
  Receive instrumental                                  no                 11,607              92.27             3633    89.24   \<0.001 †
  support                                               any one            415                 3.3               289     7.1     
                                                        missing            557                 4.43              149     3.66    
  Locations with graffiti or garbage                    present            3349                26.62             1246    30.61   \<0.001 †
  absent                                                9009               71.62               2764              67.89           
  missing                                               221                1.76                61                1.5             
  Parks/foot paths suitable for exercise/walking        present            9009                71.62             2629    64.58   \<0.001 †
  absent                                                3419               27.18               1408              34.59           
  missing                                               151                1.2                 34                0.84            
  Locations difficult for walking (hills or steps)      present            4939                39.26             1722    42.3    0.002 †
  absent                                                7523               59.81               2316              56.89           
  missing                                               117                0.93                33                0.81            
  Roads/crossroads with risk of traffic accidents       present            8152                64.81             2792    68.58   \<0.001 †
  absent                                                4291               34.11               1239              30.43           
  missing                                               136                1.08                40                0.98            
  Fascinating views                                     present            5088                40.45             1378    33.85   \<0.001 †
  or buildings                                          absent             7298                58.02             2636    64.75   
                                                        missing            193                 1.53              57      1.4     
  Shops or facilities selling                           present            9427                74.94             2816    69.17   \<0.001 †
  fresh fruits & vegetables                             absent             3006                23.9              1229    30.19   
                                                        missing            146                 1.16              26      0.64    
  Dangerous places for                                  present            7444                59.18             2552    62.69   \<0.001 †
  walking alone at night                                absent             4973                39.53             1473    36.18   
                                                        missing            162                 1.29              46      1.13    
  Houses or facilities where you feel free to drop in   present            5279                41.97             1337    32.84   \<0.001 †
  absent                                                7137               56.74               2682              65.88           
  missing                                               163                1.3                 52                1.28            

\* Chi-square test. † Scheffe's multiple comparison procedure; Significant difference was found between GDS score of \<5 living alone: no and yes (*p* \< 0.001), Self-rated health: fair and poor (*p* \< 0.001), poor and missing (*p* \< 0.001),Job: having and no (*p* \< 0.001), having and missing(*p* \< 0.001), Equivalent income: \<200 million yen and 200--400 million yen (*p* \< 0.001), \<200 million yen and ≥400 million yen (*p* \< 0.001), 200--400 million yen and ≥400 million yen (*p* = 0.002), Walking time: \<60min and ≥60 min (*p* \< 0.001), ≥60min and missing (*p* = 0.028), Treatment: yes and no (*p* \< 0.001), no and missing (*p* \< 0.001),depressive status: GDS score of \<5 and GDS score of ≥5: *p* \< 0.001),Volunteer group: ≥ 1/month and \<1/month (*p* = 0.042),Sports group:≥ 1/month and \< 1/month (*p* \< 0.001), 1/month and \<missing (*p* = 0.001), Hobby activity: ≥1/month and \<1/month (*p* \< 0.001), Community trus: t very and slightly (*p* \< 0.001), slightly and missing (*p* \< 0.001), Norms of reciprocity: very and slightly (*p* \< 0.001), slightly and missing (*p* \< 0.001)), Community attachment: very and slightly (*p* \< 0.001), slightly and missing (*p* \< 0.001), Receive emotional support: no and any one (*p* \< 0.001), no and missing (*p* \< 0.001), Provide emotional support: no and any one (*p* \< 0.001), no and missing (*p* \< 0.001),Receive instrumental support: no and any one (*p* \< 0.001), no and missing (*p* \< 0.001), Locations with graffiti or garbage: present and absent (*p* \< 0.001), and absent and missing (*p* \< 0.001), Parks/foot paths suitable for exercise/walking: present and absent (*p* \< 0.001), absent and missing (*p* = 0.004), Roads/crossroads with risk of traffic accidents: present and absent (*p* \< 0.001), Fascinating views or buildings: present and absent (*p* \< 0.001), Shops or facilities selling fresh fruits & vegetables: present and absent (*p* \< 0.001), absent and no (*p* \< 0.001), Dangerous places for Walking: alone at night: present and absent (*p* \< 0.001), Houses or facilities where you feel free to drop in: present and absent (*p* \< 0.001).
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###### 

Characteristics of participants divided by depressive status (GDS score of ≥5 or \<5) and sleep quality (good or poor).

                                                          GDS Score of \<5 (n = 12,469)   GDS Score of ≥5 (n = 4181)                                                                
  ------------------------------------------------------- ------------------------------- ---------------------------- ------ ------ ------ ----------- ------ ------ ------ ------ -----------
  Sex                                                     male                            5029                         49.4   1011   44.2   \<0.001     1198   50.0   864    48.4   0.307
                                                          female                          5154                         50.6   1275   55.8               1198   50.0   921    51.6   
  Age (years)                                             65--69                          3304                         32.5   830    36.3   \<0.001 †   644    26.9   526    29.5   0.008
                                                          70--74                          3010                         29.6   723    31.6               652    27.2   526    29.5   
                                                          75--79                          2135                         21.0   421    18.4               528    22.0   386    21.6   
                                                          80--84                          1206                         11.8   239    10.5               350    14.6   207    11.6   
                                                          ≥85                             528                          5.2    73     3.2                222    9.3    140    7.8    
  Living alone                                            no                              9052                         88.9   1996   87.3   0.030 †     2037   85.0   1464   82.0   0.021
                                                          yes                             1021                         10.0   270    11.8               334    13.9   292    16.4   
                                                          missing                         110                          1.1    20     0.9                25     1.0    29     1.6    
  Self-rated health                                       fair                            9126                         89.6   1812   79.3   \<0.001 †   1603   66.9   920    51.5   \<0.001 †
                                                          poor                            920                          9.0    443    19.4               748    31.2   833    46.7   
                                                          missing                         137                          1.4    31     1.4                45     1.9    32     1.8    
  Job                                                     having                          2591                         25.4   487    21.3   \<0.001 †   405    16.9   270    15.1   \<0.001
                                                          no                              6805                         66.8   1631   71.4               1776   74.1   1338   75.0   
                                                          missing                         787                          7.7    168    7.4                215    9.0    177    9.9    
  Equivalent income (million yen)                         \<200                           5170                         50.8   1270   55.6   \<0.001 †   1613   67.3   1255   70.3   0.087
  200--400                                                3761                            36.9                         801    35.0          641         26.8   443    24.8          
  ≥400                                                    1252                            12.3                         215    9.4           142         5.9    87     4.9           
  Education (year)                                        \<6                             162                          1.6    43     1.9    0.476       85     3.6    62     3.5    0.420
                                                          6--9                            4211                         41.4   975    42.7               1164   48.6   893    50.0   
                                                          10--12                          3737                         36.7   834    36.5               780    32.6   543    30.4   
                                                          ≥13                             84                           0.8    17     0.7                41     1.7    31     1.7    
                                                          other                           1944                         19.1   404    17.7               312    13.0   237    13.3   
                                                          missing                         45                           0.4    13     0.6                14     0.6    19     1.1    
  Walking time (min)                                      \<60                            6104                         59.9   1466   64.1   \<0.001 †   1676   70.0   1312   73.5   0.042
                                                          ≥60                             3585                         35.2   703    30.8               577    24.1   379    21.2   
                                                          missing                         494                          4.9    117    5.1                143    6.0    94     5.3    
  Treatment                                               yes                             6655                         65.4   1582   69.2   \<0.001 †   1723   71.9   1335   74.8   0.065
                                                          no                              2835                         27.8   535    23.4               481    20.1   308    17.3   
                                                          missing                         693                          6.8    169    7.4                192    8.0    142    8.0    
  Volunteer group                                         ≥1/month                        7083                         69.6   1592   69.6   0.692       1735   72.4   1339   75.0   0.161
                                                          \<1/month                       1077                         10.6   253    11.1               121    5.1    85     4.8    
                                                          missing                         2023                         19.9   441    19.3               540    22.5   361    20.2   
  Sports group                                            ≥1/month                        6254                         61.4   1427   62.4   0.572       1676   70.0   1293   72.4   0.147
                                                          \<1/month                       2269                         22.3   487    21.3               271    11.3   173    9.7    
                                                          missing                         1660                         16.3   372    16.3               449    18.7   319    17.9   
  Hobby activity                                          ≥1/month                        5157                         50.6   1139   49.8   0.439       1518   63.4   1166   65.3   0.423
                                                          \<1/month                       3602                         35.4   840    36.8               472    19.7   333    18.7   
                                                          missing                         1424                         14.0   307    13.4               406    16.9   286    16.0   
  Community trust                                         very                            7704                         75.7   1598   69.9   \<0.001 †   1432   59.8   930    52.1   \<0.001 †
  slightly                                                2079                            20.4                         613    26.8          852         35.6   787    44.1          
  missing                                                 400                             3.9                          75     3.3           112         4.7    68     3.8           
  Norms of reciprocity                                    very                            6302                         61.9   1255   54.9   \<0.001 †   1072   44.7   704    39.4   \<0.001 †
                                                          slightly                        3451                         33.9   951    41.6               1201   50.1   1016   56.9   
                                                          missing                         430                          4.2    80     3.5                123    5.1    65     3.6    
  Community attachment                                    very                            8836                         86.8   1884   82.4   \<0.001 †   1754   73.2   1139   63.8   \<0.001
                                                          slightly                        1174                         11.5   382    16.7               609    25.4   621    34.8   
                                                          missing                         173                          1.7    20     0.9                33     1.4    25     1.4    
  Receive emotional support                               no                              389                          3.8    92     4      0.135       222    9.3    233    13.1   \<0.001 †
  any one                                                 9285                            91.2                         2102   92            2053        85.7   1472   82.5          
  missing                                                 509                             5                            92     4             121         5.1    80     4.5           
  Provide emotional support                               no                              467                          4.6    112    4.9    0.288       314    13.1   253    14.2   0.541
  any one                                                 9176                            90.1                         2070   90.6          1939        80.9   1433   80.3          
  missing                                                 540                             5.3                          104    4.6           143         6      99     5.6           
  Receive instrumental support                            no                              244                          2.4    78     3.41   0.007       171    7.1    211    11.8   \<0.001 †
  any one                                                 9500                            93.29                        2126   93            2107        87.9   1507   84.4          
  missing                                                 439                             4.3                          82     3.6           118         4.9    67     3.8           
  Locations with graffiti or garbage                      present                         7844                         77.0   1688   73.8   0.002 †     1583   66.1   1128   63.2   0.429
  absent                                                  2221                            21.8                         583    25.5          785         32.8   646    36.2          
  missing                                                 118                             1.2                          15     0.7           28          1.2    11     0.6           
  Parks/foot paths suitable for exercise/walking          present                         7502                         73.7   1589   69.5   \<0.001 †   1507   62.9   1040   58.3   0.004 †
  absent                                                  2564                            25.2                         683    29.9          855         35.7   725    40.6          
  missing                                                 117                             1.2                          14     0.6           34          1.4    20     1.1           
  Locations difficult for walking (hills or steps)        present                         3859                         37.9   924    40.4   0.047       1080   45.1   798    44.7   0.972
  absent                                                  6231                            61.2                         1347   58.9          1292        53.9   969    54.3          
  missing                                                 93                              0.9                          15     0.7           24          1.0    18     1.0           
  Roads/crossroads with risk of traffic accidents         present                         6518                         64.0   1545   67.6   0.004 †     1634   68.2   1247   69.9   0.454
  absent                                                  3556                            34.9                         723    31.6          735         30.7   516    28.9          
  missing                                                 109                             1.1                          18     0.8           27          1.1    22     1.2           
  Fascinating views or buildings                          present                         4329                         42.5   874    38.2   \<0.001 †   1583   66.1   1128   63.2   0.051
  absent                                                  5701                            56.0                         1383   60.5          785         32.8   646    36.2          
  missing                                                 153                             1.5                          29     1.3           28          1.2    11     0.6           
  Shops or facilities selling fresh fruits & vegetables   present                         7844                         77.0   1688   73.8   \<0.001 †   704    29.4   460    25.8   0.017
  absent                                                  2221                            21.8                         583    25.5          1658        69.2   1303   73.0          
  missing                                                 118                             1.2                          15     0.7           34          1.4    22     1.2           
  Dangerous places for walking alone at night             present                         7844                         77.0   1688   73.8   0.017 †     1583   66.1   1128   63.2   0.643
  absent                                                  2221                            21.8                         583    25.5          785         32.8   646    36.2          
  missing                                                 118                             1.2                          15     0.7           28          1.2    11     0.6           
  Houses or facilities where you feel free to drop in     present                         4575                         44.9   877    38.4   \<0.001 †   704    29.4   460    25.8   0.028 †
  absent                                                  5479                            53.8                         1379   60.3          1658        69.2   1303   73.0          
  missing                                                 129                             1.3                          30     1.3           34          1.4    22     1.2           

\* Chi-square test. † Scheffe's multiple comparison procedure; Significant difference was found between GDS score of \<5 age:65--69 and 70--74 (*p* = 0.008), 65--69 and≥ 85 (*p* \< 0.001), 70--74 and ≥85 (*p* = 0.001), living alone: no and yes (*p* = 0.044), Self-rated health: fair and poor (*p* \< 0.001), poor and missing (*p* \< 0.001),Job: having and no (*p* \< 0.001), Equivalent income: \<200 million yen and 200--400 million yen (*p* = 0.015), \<200 million yen and ≥400 million yen (*p* \< 0.001), 200--400 million yen and ≥400 million yen (*p* = 0.044), Walking time: \<60min and ≥60min (*p* \< 0.001), Treatment: yes and no (*p* \< 0.001),no and missing (*p* = 0.041), Community trus: t very and slightly (*p* \< 0.001), slightly and missing (*p* = 0.001), Norms of reciprocity: very and slightly (*p* \< 0.001), slightly and missing (*p* = 0.005), Community attachment: very and slightly (*p* \< 0.001),very and missing (*p* = 0.037), slightly and missing (*p* \< 0.001), Receive instrumental support: no and any one (*p* = 0.025),any one and missing (*p* = 0.008), Locations with graffiti or garbage: present and absent (*p* = 0.003), Parks/foot paths suitable for exercise/walking: present and absent (*p* \< 0.001), absent and missing (*p* = 0.011), Roads/crossroads with risk of traffic accidents: present and absent (*p* = 0.008), Fascinating views or buildings: present and absent (*p* = 0.001), Shops or facilities selling fresh fruits & vegetables: present and absent (*p* = 0.001), absent and missing (*p* = 0.021), Dangerous places for Walking: alone at night: present and absent (*p* = 0.019), Houses or facilities where you feel free to drop in: present and absent (*p* \< 0.001) GDS score of ≥5 Self-rated health: fair and poor (*p* \< 0.001), Community trust: very and slightly (*p* \< 0.001), slightly and missing (*p* = 0.030), Norms of reciprocity: very and slightly (*p* \< 0.001), slightly and missing (*p* = 0.011), Receive emotional support: very and slightly (*p* = 0.001), slightly and missing (*p* = 0.024), Receive instrumental suppor: t no and any one (*p* = 0.001), Parks/foot paths suitable for exercise/walking: present and absent (*p* = 0.001), Houses or facilities where you feel free to drop in: present and absent (*p* = 0.032).
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###### 

Results of the multi-level Poisson regression analysis to study the association between neighborhood environment and sleep quality whole participants.

                                                                                     Model 1   Model 2     Model 3   Model 4                                                                                     
  ------------------------------------------------------------- -------------------- --------- ----------- --------- --------- ----------- ------ -------- ----------- ------ ---------------- ----------------- ------
  **Individual factors**                                                                                                                                                                                         
  Depressive status                                             GDS score of \<5                           ref                                                                                                   
                                                                GDS score of ≥5                            1.93      1.80      2.07        1.93   1.80     2.07        1.92   1.79             2.06              
  Age (years)                                                   65--69                                               ref                                                                                         
                                                                70--74                                               0.96      0.89        1.04   0.96     0.89        1.04   0.96             0.89              1.04
                                                                75--79                                               0.82      0.75        0.90   0.82     0.75        0.90   0.82             0.75              0.90
                                                                80--84                                               0.74      0.66        0.83   0.74     0.66        0.84   0.75             0.66              0.84
                                                                ≥85                                                  0.68      0.58        0.80   0.68     0.58        0.80   0.69             0.59              0.80
  Sex                                                           male                                                 ref                                                                                         
                                                                female                                               1.12      1.05        1.19   1.12     1.05        1.19   1.12             1.05              1.19
  Living alone                                                  no                                                   ref                                                                                         
                                                                yes                                                  1.15      1.05        1.26   1.15     1.04        1.26   1.14             1.04              1.26
  Self-rated health                                             fair                                                 ref                                                                                         
                                                                poor                                                 1.67      1.55        1.80   1.67     1.55        1.81   1.67             1.55              1.81
  Equivalent income (million yen)                               \<200                                                ref                                                                                         
                                                                200--400                                             0.95      0.88        1.02   0.94     0.88        1.01   0.94             0.88              1.01
                                                                ≥400                                                 0.83      0.74        0.94   0.83     0.73        0.94   0.83             0.73              0.94
  Job                                                           yes                                                  ref                                                                                         
                                                                no                                                   1.11      1.02        1.21   1.11     1.02        1.21   1.11             1.02              1.20
  Education (years)                                             \<6                                                  ref                                                                                         
                                                                6--9                                                 0.94      0.76        1.18   0.94     0.75        1.17   0.94             0.75              1.17
                                                                10--12                                               0.94      0.75        1.17   0.93     0.74        1.16   0.93             0.74              1.16
                                                                ≥13                                                  0.94      0.75        1.19   0.93     0.74        1.18   0.93             0.74              1.18
                                                                other                                                1.25      0.81        1.92   1.24     0.81        1.90   1.24             0.81              1.90
  Walking time (min)                                            \<60                                                 ref                                                                                         
                                                                ≥60                                                  0.91      0.85        0.98   0.91     0.85        0.98   0.91             0.85              0.98
  Treatment                                                     yes                                                  ref                                                                                         
                                                                no                                                   0.87      0.80        0.94   0.87     0.80        0.94   0.87             0.80              0.94
  **Social environment**                                                                                                                                                                                         
  **(Social Capital)**                                                                                                                                                                                           
  Civic participant                                             every 10% increase                                                                1.14     0.91        1.44                                      
  Social cohesion                                               every 10% increase                                                                1.00     0.80        1.25                                      
  Reciprocity                                                   every 10% increase                                                                0.83     0.48        1.43                                      
  **Physical environment**                                                                                                                                                                                       
  No location with graffiti or garbage                          every 10% increase                                                                                            0.83             0.51              1.33
  Parks or foot paths suitable for exercise or walking          every 10% increase                                                                                            1.00             0.72              1.37
  No difficult locations for walking such as hills or steps     every 10% increase                                                                                            0.84             0.68              1.04
  No risky roads or crossroads with risk of traffic accidents   every 10% increase                                                                                            0.83             0.51              1.35
  Fascinating views or buildings                                every 10% increase                                                                                            0.99             0.73              1.33
  Shops or facilities selling fresh fruits and vegetables       every 10% increase                                                                                            1.09             0.82              1.45
  No dangerous places for walking alone at night                every 10% increase                                                                                            1.33             0.79              2.23
  Houses or facilities where you feel free to drop in           every 10% increase                                                                                            0.59             0.36              0.95
  Intercept                                                                          0.27      0.27        0.28      0.03      -0.49       0.11   0.25     -0.09       0.60   0.14             0.02              0.26
  **Random effects**                                                                                                                                                                                             
  Community-level variance (SE)                                                      0.0004    (−0.0003)             0.0002    (−0.0003)          0.0001   (−0.0003)          2.97 × 10^−11^   (5.5 × 10^−11^)   
  PCV                                                                                                                0.50                         0.75                        0.99                               

PR = prevalence ratio; 95% CI = 95% confidence interval. PCV = proportional change in variance. Multi-level Poisson regression analysis: Model 1 is the null model; Model 2 is individual-level variables; Model 3 was adjusted for social, capital, and individual-level variables; Model 4 was adjusted for neighborhood, environment, and individual-level variables.
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###### 

Results of the multi-level Poisson regression analysis to study the association between neighborhood environment and sleep quality in non-depressive participants (Geriatric Depression Scale Score of \<5).

                                                                Model 1              Model 2   Model 3     Model 4                                                                            
  ------------------------------------------------------------- -------------------- --------- ----------- --------- ----------- --------- --------- ----------- ------ --------- ----------- ------
  **Individual factors**                                                                                                                                                                      
  Age (years)                                                   65--69                                     ref                                                                                
                                                                70--74                                     0.94      0.85        1.04      0.96      0.87        1.07   0.94      0.85        1.05
                                                                75--79                                     0.75      0.66        0.85      0.77      0.68        0.87   0.75      0.66        0.85
                                                                80--84                                     0.71      0.6         0.83      0.74      0.63        0.87   0.71      0.6         0.84
                                                                ≥85                                        0.52      0.4         0.68      0.55      0.42        0.72   0.52      0.4         0.69
  Sex                                                           male                                       ref                                                                                
                                                                female                                     1.16      1.06        1.27      1.15      1.05        1.26   1.17      1.07        1.28
  Living alone                                                  no                                         ref                                                                                
                                                                yes                                        1.16      1.01        1.33      1.14      0.99        1.31   1.15      1           1.32
  Self-rated health                                             fair                                       ref                                                                                
                                                                poor                                       1.97      1.76        2.2       1.93      1.73        2.16   1.97      1.76        2.2
  Equivalent income (million yen)                               \<200                                      ref                                                                                
  200--400                                                                                     0.92        0.84      1.01        0.92      0.83      1.01        0.92   0.83      1.01        
  ≥400                                                                                         0.82        0.71      0.95        0.82      0.71      0.96        0.82   0.7       0.95        
  Job                                                           yes                                        ref                                                                                
                                                                no                                         1.16      1.04        1.29      1.13      1.02        1.27   1.15      1.03        1.28
  Education (years)                                             \<6                                        ref                                                                                
                                                                6--9                                       0.84      0.6         1.16      1         0.91        1.09   0.82      0.59        1.14
                                                                10--12                                     0.84      0.6         1.17      1.06      0.57        1.97   0.82      0.59        1.14
                                                                ≥13                                        0.81      0.58        1.14      0.88      0.8         0.97   0.79      0.56        1.11
                                                                other                                      0.96      0.49        1.87      0.83      0.75        0.93   0.96      0.49        1.88
  Walking time (min)                                            \<60                                       ref                                                                                
                                                                ≥60                                        0.88      0.8         0.96      0.88      0.8         0.97   0.88      0.8         0.96
  Treatment                                                     yes                                        ref                                                                                
                                                                no                                         0.84      0.76        0.94      0.83      0.75        0.93   0.84      0.76        0.94
  **Social environment**                                                                                                                                                                      
  **(Social Capital)**                                                                                                                                                                        
  Civic participant                                             every 10% increase                                                         1.21      0.88        1.67                         
  Social cohesion                                               every 10% increase                                                         1.04      0.77        1.4                          
  Reciprocity                                                   every 10% increase                                                         0.96      0.44        2.1                          
  **Physical environment**                                                                                                                                                                    
  No location with graffiti or garbage                          every 10% increase                                                                                      0.68      0.36        1.29
  Parks or foot paths suitable for exercise or walking          every 10% increase                                                                                      0.99      0.64        1.54
  No difficult locations for walking such as hills or steps     every 10% increase                                                                                      0.75      0.56        0.99
  No risky roads or crossroads with risk of traffic accidents   every 10% increase                                                                                      0.92      0.47        1.79
  Fascinating views or buildings                                every 10% increase                                                                                      0.98      0.66        1.47
  Shops or facilities selling fresh fruits and vegetables       every 10% increase                                                                                      1.21      0.82        1.78
  No dangerous places for walking alone at night                every 10% increase                                                                                      1.41      0.7         2.86
  Houses or facilities where you feel free to drop in           every 10% increase                                                                                      0.51      0.26        0.98
  Intercept                                                     0.2                  0.19      0.21        0.12      0.07        0.19      0.08      0.01        0.66   0.14      0.66        0.34
  **Random effects**                                                                                                                                                                          
  Community-level variance (SE)                                                      0.00074   (0.00038)   0.06      (0.00061)   0.00045   0.00055   (0.00044)          0.00025   (0.00041)   
  PCV                                                                                                      0.176                           0.257                        0.662                 

PR = prevalence ratio; 95% CI = 95% confidence interval. PCV = proportional change in variance. Multi-level Poisson regression analysis: Model 1 is the null model; Model 2 is individual-level variables; Model 3 was adjusted for social, capital, and individual-level variables; Model 4 was adjusted for neighborhood, environment, and individual-level variables.
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###### 

Results of the multilevel Poisson regression analysis to study the association between neighborhood environment and sleep quality in depressive participants (Geriatric Depression Scale score of ≥5).

                                         Model 1              Model 2         Model 3            Model 4                                                                                                                   
  -------------------------------------- -------------------- --------------- ------------------ ---------------- ------------------ ------ ---------------- ------------------ ------ ----------------- ----------------- ------
  **Individual-level**                                                                                                                                                                                                     
  Age (years)                            65--69                                                  ref                                                                                                                       
                                         70--74                                                  0.99             0.87               1.12   1                0.88               1.13   0.99              0.87              1.12
                                         75--79                                                  0.92             0.8                1.05   0.94             0.82               1.09   0.92              0.8               1.06
                                         80--84                                                  0.79             0.67               0.94   0.83             0.7                0.99   0.8               0.67              0.95
                                         ≥85                                                     0.83             0.68               1.01   0.86             0.7                1.06   0.84              0.68              1.02
  Sex                                    male                                                    ref                                                                                                                       
                                         female                                                  1.06             0.96               1.17   1.06             0.96               1.16   1.06              0.96              1.17
  Living alone                           no                                                      ref                                                                                                                       
                                         yes                                                     1.14             1                  1.29   1.11             0.97               1.26   1.14              1                 1.29
  Self-rated health                      fair                                                    ref                                                                                                                       
                                         poor                                                    1.49             1.35               1.65   1.46             1.32               1.62   1.49              1.35              1.65
  Equivalent income                      \<200                                                   ref                                                                                                                       
  (million yen)                          200--400                                                0.97             0.87               1.09   0.99             0.88               1.11   0.97              0.87              1.08
                                         ≥400                                                    0.86             0.69               1.08   0.89             0.71               1.11   0.86              0.69              1.07
  Job                                    have                                                    ref                                                                                                                       
                                         no                                                      1.04             0.91               1.19   1.04             0.91               1.19   1.04              0.91              1.19
  Education (years)                      \<6                                                     ref                                                                                                                       
                                         6--9                                                    1.07             0.79               1.44   1.11             0.82               1.5    1.07              0.79              1.44
                                         10--12                                                  1.05             0.77               1.42   1.09             0.8                1.49   1.05              0.77              1.42
                                         ≥13                                                     1.12             0.82               1.54   1.15             0.84               1.6    1.12              0.82              1.55
                                         other                                                   1.54             0.88               2.69   1.63             0.92               2.89   1.53              0.88              2.67
  Walking time (min)                     \<60                                                    ref                                                                                                                       
                                         ≥60                                                     0.97             0.86               1.08   0.96             0.86               1.08   0.97              0.86              1.09
  Treatment                              yes                                                     ref                                                                                                                       
                                         no                                                      0.92             0.81               1.06   0.92             0.8                1.05   0.92              0.81              1.06
  **Social environment**                                                                                                                                                                                                   
  **(** **Social Capital)**                                                                                                                                                                                                
  Civic participation                    every 10% increase                                                                                 0.98             0.7                1.38                                       
  Social cohesion                        every 10% increase                                                                                 1.05             0.76               1.47                                       
  Reciprocity                            every 10% increase                                                                                 0.83             0.38               1.83                                       
  **Physical environment**                                                                                                                                                                                                 
  No location with graffiti or garbage   every 10% increase                                                                                                                            1                 0.49              2.04
  Parks or foot paths suitable           every 10% increase                                                                                                                            1                 0.62              1.61
  for exercise or walking                                                                                                                                                                                                  
  No difficult locations for             every 10% increase                                                                                                                            0.99              0.73              1.35
  walking such as hills or steps                                                                                                                                                                                           
  No risky roads or crossroads           every 10% increase                                                                                                                            0.75              0.36              1.55
  with risk of traffic accidents                                                                                                                                                                                           
  Fascinating views or buildings         every 10% increase                                                                                                                            1.01              0.64              1.57
  Shops or facilities selling            every 10% increase                                                                                                                            0.96              0.63              1.45
  fresh fruits and vegetables                                                                                                                                                                                              
  No dangerous places for                every 10% increase                                                                                                                            1.17              0.54              2.53
  walking alone at night                                                                                                                                                                                                   
  Houses or facilities where             every 10% increase                                                                                                                            0.72              0.35              1.47
  you feel free to drop in                                                                                                                                                                                                 
  Intercept                                                   0.47            0.45               0.25             0.15               0.43   0.28             0.03               2.41   0.31              0.14              0.67
  **Random effects**                                                                                                                                                                                                       
  Community-level variance (SE)                               4.6 × 10^−21^   (1.09 × 10^−20^)   9.22 × 10^−18^   (1.79 × 10^−17^)          2.04 × 10^−19^   (4.87 × 10^−19^)          (1.6 × 10^−11^)   (3.9 × 10^−19^)   
  PCV                                                                                            \-                                         \-                                         \-                                  

PR = prevalence ratio; 95% CI = 95% confidence interval. PCV = proportional change in variance. Multilevel Poisson regression analysis: Model 1 is the null model; Model 2 is individual-level variables; Model 3 was adjusted for social, capital, and individual-level variables; Model 4 was adjusted for neighborhood environment- and individual-level variables.
